Photon -axion conversions in static magnetic fields and in a periodic; field with frequency equal to the axion mass are reconsidered in detail by Feynman methods. The differential cross sections are presented and numerical evaluations are given. It is shown that there is a resonant conversion for the considered process. Some estimates for experiments are given from our results.
In the 1970 : s. it was shown that the strong CP problem can be solved [1] by the introduction of a. light pseudoscalar particle, called the axion [2] . Ai present, the axion mass is constrained by laboratory searches [3] and by astrophysical and cosinological considerations [4] to between 10~f ) eV and 10~" ! eV. Besides that, a,n axino (the fermionic partner of the axion) naturally appears in SUSY models [5, 6] ; which acquire a mass from three -loop Feynman diagrams in a typical range between a few eV up to a maximum of 1 keV [7, 8] .
A particle, if it haw a, two -photon vertex, may be created by a. photon entering an external electromagnetic (FAT) field, the axion is one such particle. So far almost all experiments designed to search for light axions make use of the coupling of the axion to photons. Conversion of the axions into EM power in a, resonant cavity was first suggested by Sikivie [9] . lie suggested that this method can be used to detect the hypothetical galactic axion flux that would exist if axions were the dark matter of the Universe. Various terrestrial experiments to detect invisible axions by malting use of their coupling to photons have been proposed [10.11] , and the new results of such experiments recently appeared in Rets, [12, 13] .
EM detection: of axions in experiments is briefly described as follows:
The initial photon of energy q o from ihe laser (may be better from X ray) interacts with a. virtual photon from the EM held to produce the axion of energy p,, and momentum. The photon beam is then blocked to eliminate everything except the axions. which penetrate the wall because of their extremely weak inieraciion with ordinary matter. (Such shielding is straightforward for a. low-energy laser beam.) The axion then interacts with another virtual photon in the second EM field to produce a. real photon of energy q' o , whose detection is the signal for the production of the axion. For details see Rcfs. [10, 12] . The purpose of this paper is to consider conversions of photons into axions in an external EM held, including static magnetic; fields and the periodic; EM held with frequency equal to the axion ma.ss.
The axion ma.ss and its couplings to ordinary particles are all inversely proportional to the magnitude v of the vacuum expectation value that spontaneously breaks the UPQ(1) quasisymmetry which was postulated by Peccei and Quinn and of which the axion is the pseudo-XambuGoldstone boson. For the axion-photon system a suitahle La.grangian density is given by ['3.4 Consider the conversion of the photon 7 with momentum q into the axion a with momentum 2 p in an external electromagnetic: held. For the above mentioned process, the relevant coupling is ihe second term in (1) . Using the Feynman rules we get the following expression for the matrix (2) where k = q-ptlie, momentum transfer to the EM held. (5) we see that if the photon moves in the direction of the magnetic field i.e., q' J -= (g,0,0. q) then DCS vanishes, if the momentum of the photon is parallel to the y axis, i.e., q 1 '-= (q, 0, q. 0) llien Eq. (5) 8) for 0 = |. y?" = 0. For the high energy limit m a <£ f/, Eqs. (7), (8) and (9) become, respectively, 
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From (10) we see that DCS in the direction of the photon motion depends quadratically on the intensity B, the volume V of condensor, and the photon momentum q. Therefore, since the external EM field is classical we can increase the scattering probability as much as possible by increasing the intensity of the held or the volume containing the field. In the C.G.S units, Eqs. (10), (11) and (12) , while by (14) and (15):
MI -3.7 x 10 A -cm-. This implies Uiat the. axiom is mainly created in the. direction of photon motion.
Conversions in a, magnetic field of the Solenoid. Now we consider conversions in the homogeneous magnetic field of Uie selenoid with a radius R and a length h, and without loss of generality, suppose that direction of the magnetic; held is parallel to the z axis. In this case, the form factor for the magnetic region is F m (k) = (16) where J-\ is the one-order spherical Bessel function. From Eqs. (5) and (16) we obtain the DCS lor the conversion of photons into axions as
If the momentum of the photon is parallel to the x axis, i.e., q^ = (q.q.OAf) then Eq. (17) gets the final form:
where ip' is the angle between the y axis and the projection of p on the yz plane. Tt is easy to see that 
From (21) we see thai this result is the same as in the previous item. From (22) it follows that DCS vanishes when p. n = -^= with n = 0, ±1 ± 2... and has its largest value for p n = 777=; where //•". and ft' are the roots of J-\ (ji n ) = 0 and J[{ft' n ) = 0.
i.\f Z-
For the magnitude [12] B=8T, R = h = lm, X = ICrVm and m ( , ~ ICTW by (21) 
26fjf^,(DFSZ).
The new result of the experiment for the axion detection by using the strong magnetic held and X -ray detectors, the readers can see Kef. [13] . The one dimentional solution is basics for the experimental setups in Ref. [10] .
However, in general cases, the best axion detection is in the direction of the photon motion and at the high energies.
Resonant conversions in a periodic EM field of Uie T/? iU mode.-We move on to conversions in the external EM field of the TE-\Q mode with frequency equal to the axion mass. The nontrivial solution of the 'TE-\Q mode is given by [16] ik, i^,J t
Using the Feynman rules we get the following expression for the matrix element
where pa = q Q + u) a , u a = m a , and
Substituting Eq. (26) [(q-p cosO) 2 _ 211 cos i^'(-/j sin ^ sin (^' + fc)
. (28) where ^' is the angle between the y axis and the projection of q on the yz plane. From (28) 
for 0= f,^' =0, and
for 6 = § V = f. In the limit x< f J . It is easy to show that the cross section for the reverse process coincides exactly with the above results, so that for the conversion of photon -axion -photon, the cross section is the square of the previous evaluation.
In order to estimate photon -axion conversions, from Eqs. Finally, it is known that ihc cutoff frequency of the T7v 10 is given by w o = ^ and at any given frequency only a finite number of modes can propagate [16] 
